Pr@aration of Spleen Cell
Suspenslons.--The BALB/c donors were killed by cervical fracture and their spleens were removed and processed aseptically. Pooled spleens were minced in Ringer's solution and then gently pressed through tantalum gauze with a small test tube. Cell viability was checked with trypan blue, and the number of living cells in the suspension was adjusted to the desired concentration. The dose of cells ranged from 10 X 10 6 to 200 X 10 6 . The cells were given intraperitoneally; except for the group of mice given 10 X 106 cells, each injection contained 50-80 X 10 6 cells and the total amount was achieved by weekly injections. For example, mice to receive 150 × 106 spleen cells were given two injections of 75 X 106 cells a week apart.
Exp6rirtumtal
Design.--The CAF1 recipients were 6 wks old when the first injection of BALB/c spleen cells was given. Various groups of these mice were organized so that the time elapsed between the last dose of parental spleen cells and the day of autopsy ranged from 1 month to 1 yr. Mice with an overt nephrotic syndrome were killed when moribund.
Chemical Pathology.--The degree of proteinuria was estimated with a Uristix®. Blood urea nitrogen was measured colorimetrically using the Hyiand micromethod (UN-Test®). Electrophoresis of serum was carried out on cellulose acetate strips, which were stained with Ponceau-S.
Histological Studies.--Tissues were fixed in 10% buffered formalin and sections of kidney were cut at 6 # and stained with hematoxylin and eosin and periodic acid-Schiff (PAS). Sections representative of all stages of the disease were also stained with Congo red.
Immunofluoreseent Studies.--Rabbit anti-mouse gamma globulin:
Commercial mouse gamma globulin (Pentex, Inc., Kankakee, DI., Lot No. 8) was used to immuni~-e rabbits. The antiserum obtained after multiple injections of this antigen produced a single precipitin arc in the zone of IgG when reacted against whole mouse serum in immunoelectrophoresis. A crude gamma globulin fraction of this reagent was obtained by fractionation in 50% ammonium sulfate. The rabbit globulins were further purified by DEAE-cellulose chromatography using 0.02 ~t phosphatebuffered saline (PBS), pH 6.3 (6) .
Rabbit anti-rat fltc globulin: The 7S gamma globulin fraction of rabbit anti-mouse #re-globulin was prepared in the manner of Mardiney and Miiller-Eberhard (7) . Immunoelectrophoresis of this reagent revealed a single precipitin arc when reacted against whole mouse Serum. Goat anti-rabbit 7S gamma globulin: The globulin fraction of goat serum containing antibodies to rabbit globulins was obtained from Microbiologic Associates, Bethesda, Md. (Lot No. 64011). Upon immunoelectrophoresis, it developed three bands in the gamma globulin region when reacted against whole rabbit serum.
Conjugation of antisera:
The 7S gamma globulin fractions of antisera were adjusted to a concentration of 10 mg of protein/ral and conjugated to fluorescein isothiocyanate by the dialysis method of Clark and Shepard (8) . Conjugated antisera were twice absorbed with lyophilized mouse kidney powder (50 nag of powder/ml of conjugate) before staining.
Preparation of tissue:
Tissue was prepared for fluorescent antibody studies by snap freezing in a dry ice--acetone bath. Cryostat sections were cut at 4 and 6 #, placed in a humid chamber, and refrigerated at 4°C until ready for use. Long-term storage of tissue sections (weeks) was possible if the sections were air-dried for 2 hr at room temperature and stored dry at 4°C. Cryostat sections were washed in 0.15 ~t PBS, pH 7.2, for 5 rain, fixed in equal volumes of absolute alcohol and ether for 10 rain at room temperature, fixed in 95% ethanol for 20 rain, and twice washed in PBS prior to staining.
Fluorescent staining: Standard direct and indirect staining techniques were employed. The period of staining was 45 rain in all procedures, followed by two 10 rain washes in PBS. Examination of the tissue sections was performed with a Leitz Ortholux microscope utilizing an HBO 200 W mercury vapor high pressure lamp, a B6 38 red-suppressing filter, and a UG-1 ultra violet filter. Photomicrographs were recorded on Kodak high speed Ektachrome film.
Control procedures used with the fluorescein staining techniques were as follows: (a) sections of normal mouse kidneys were stained concurrently with sections of test kidney; (b) fluorescent staining was blocked by prior incubation of the purified, conjugated reagents with their corresponding antigens; (c) fluorescent staining was diminished by incubation of the unconjugated reagent on the slide before staining with fluorescein conjugate of the same antiserum.
Electron Microscopy.--Fragments of kidney were fixed for 30 rain in 6.5% glutaraldehyde (9) and posffaxed with 1% osmium tetroxide buffered with 0.1 M phosphate buffer (pH 7.2). The tissues were then dehydrated in graded alcohois and embedded in epon (10) . Thick sect.ions (0.5 #) were cut on a Porter-Binm microtome with glass knives and stained with azure and methylene blue (11) . After identification of glomendi under the light microscope, ultrathin sections were cut, mounted on uncoated grids, and stained with lead citrate (12) . The sections were examined with an RCA 3 C electron microscope (50 kv, objective aperture 50/~). Azotemia rarely occurred even when the nephrotic syndrome was severe. Of 87 animals tested, only three had blood urea nitrogen levels exceeding two standard deviations of the normal value (27.9 4-7.6). The nephrotic syndrome occurred in about 10 % of mice studied 6-9 months after injection of BALB/c spleen cells; hut proteinuria of at least 300 mg/100 ml was present in 40% of these animals (Table I ). In still older mice, only 10% had proteinuria exceeding 300 mg/100 ml; nevertheless, histological evidence of glomerulonephritis was present in more than one-half of them (Tables I and II) . By contrast with younger mice, these older animals tended to develop hyperglobulinemia (Fig. 4) .
Pathology of the Kidney.--The kidneys of 50 6-month old normal CAF1 mice were examined (Table III) . The only abnormalities, found in one-third of the animals, were focal pyelitis and periarterial accumulations of lymphocytes and plasma cells. Glomerular capillary basement membranes were thin and smooth and mesangial staining was scanty. The kidneys of 50 12-month old normal CAF1 mice were also examined (Table III) . They differed from those of the 6-month old animals in that the glomerular capillary membranes were slightly thicker and mesangial staining was present.
No renal abnormalities were found in the groups of mice killed 1-2 months after injection of the parental cells (Table II) . The principal lesion that developed subsequently was localized to the glomerulus. In its earliest form, it was characterized by focal thickening of the capillary basement membranes of most glomeruli. As the disease progressed, this thickening became generalized, and with the PAS reaction it appeared serrated (Figs. 5 and 6). Hyalinization and sclerosis of lobules and adhesions to Bowman's capsule accompanied these membrane changes in the advanced lesion ( Figs Incidence of proteinuria and membranous glomerulonephritis in control mice. Light, immunofluorescent, and electron indicate the type of microscopic examination carried out on these animals. Numerator, number of mice with an abnormality; denominator, number of mice examined. and fltc-globulin deposits (Table III) . Gamma globulin was detected in the mesangium of mice over the age of 3 months, and especially in 1-yr old animals. tim-globulin deposits were not found in the glomeruli of any of the control mice. Gamma globulin deposits were not found along capillary basement membranes of the normal mice, and their glomeruli could always be differentiated from those of the experimental animals.
In the experimental animals, deposits of gamma globulin were found in glomeruli, and in advanced lesions they could be demonstrated in tubular casts, as droplets in the epithelial cells of some proximal convoluted tubules and occa-sionaUy in Bowman's capsule and in the basement membrane of some periglomerular tubules.
The earliest recognizable abnormality was deposition of gamma globlllln along glomerular capillary basement membranes in an irregular, finely beaded pattern. As they enlarged, the deposits projected from the extraluminal aspect of the membrane (Figs. 9 and 10 ). Similar immunoglobulin deposits were sometimes observed free in the glomerular capillary wall in a speckled pattern. Rarely, the entire wall of a single capillary was ~mlformly stained, imparting a "wire loop" appearance. Sclerotic glomerular lobules appeared as dense, uneven, fluorescent masses. Although variation in staining was observed between giomeruli in a given kidney and between different lobules of a single glomerulus, the irregular deposits along capillary basement membranes were always present. The variability just mentioned was due to differences in the size of the deposits and in the amount of additional staining in the mesangium and capillary walls.
Fluorescent staining for Olc-globulin generally conformed to the capillary pattern described above, with patchy fluorescence visible along capillary basement membranes, within capillary walls and ill the mesangium.
Several representative lesions were also stained with a fluorescein-conjugated antiserum against the lymphocytic choriomeningitis (LCM) virus (supplied by Dr. John Hotchin). LCM antigens could not be detected in these preparations by this method.
Electron Microscopy.--The kidneys of 12 normal CAF1 mice, ranging in age from 2 to 12 months, were examined by electron microscopy (Table III) . No abnormalities were noted and the glomeruli and tubules appeared comparable to previous descriptions (13) (Fig. 11) . In the 1-yr old mice there were discrete projections of the epithelial surface of the glomerular basement membrane, which was otherwise thin and smooth (Fig. 12) .
24 experimental animals, killed at the following times after injection of parental spleen cells, were studied: 1 month (two mice); 2 months (four mice); 3 months (four mice); 4 months (eight mice); 6 months (two mice); and 12 months (four mice). No abnormalities were found in the mice examined 1 and 2 months after receiving BALB/c spleen cells. In the remaining animals the lesion, which principally involved the glomeruli, was characteristic and, once established, uniform.
The earliest recognizable abnormality was swelling and fusion of the foot processes of the visceral epithelial cells (Fig. 13) . Later, the foot processes were replaced by sheets of cytoplasm, which were closely applied to the glomerular basement membrane (Fig. 14) . In such kidneys, the glomerular basement membrane appeared thickened in all glomeruli studied. This thickening was patchy in some capillary loops and diffuse in others. It was also variable, ranging from mild in one area to marked in another. Numerous round or irregularly shaped projections from the epithelial side were a constant feature in the thickened segments d the basement membrane (Fig. 14) . Dense, osmophilic intramembranous and subepithelial deposits were also observed. These deposits appeared finely granular and homogeneous. It was difficult to distinguish them from the lamina densa in some areas, and the over-all effect was that of a greatly thickened basement membrane (Fig. 15) . In other areas, round or oval, homogeneous deposits were seen within large, hemispheric projections from the epithelial side of the basement membrane (Fig. 15) . These smooth projections were covered by the swollen, fused foot processes of the epithelial cells (Fig. 15) . Still other deposits, irregular in shape, projected from the thickened lamina densa and were contiguous with similar material in the foot processes of the visceral epithelial cell (Fig. 16) . Subendothelial deposits were not seen. Amyloid was not present in any of the kidneys examined.
The visceral epithelial cells were hypertrophied and contained a profuse rough endoplasmic reticulum, multiple Golgi apparatus, numerous vacuoles, abundant cytosomes and multivesicular bodies (Figs. 14-16 ). Microvilli were frequently observed, often in areas where disrupted epithelial cells were discharging their contents into Bowman's space. Fibrils were abundant but microtubules were not conspicuous. Amorphous aggregates and protein droplets were not seen in the cytoplasm of the visceral epithelial cells. There was marked swelling and vacuolization of endothelial cells of some glomeruli in three mice. The lumens of these glomeruli were markedly reduced and fibrinoid deposits were seen. In all other animals examined, changes in the endothelial cells were minimal, consisting of slight swelling of the cytoplasm, some increase in the rough endoplasmic reticulum, and a moderate enlargement and distortion of their fenestrations (Figs. 13 and 15 ). The lumens of the capillaries were not narrowed, and plugging by polymorphonuclears or erythrocytes was not observed (Figs.  14-16, 18) .
A constant and early feature of the lesion was the presence of a basement membrane-like substance containing osmophilic deposits in the mesangial matrix ( Fig. 17-18 ). However, this material was not present in the cytoplasm of the mesangial cells, which were only moderately increased in number and slightly hyperplastic (Fig. 18) . The infiltration of the mesangial matrix was at times massive and distorted the architecture of some glomeruli.
Elution of Kidney-Bound Proteins.--Acid eluates prepared from kidneys of mice with severe proteinuria contained a single precipitin band when reacted with rabbit antisera to mouse serum protein. This single band was identified as mouse IgG by analysis in gel diffusion. The eluates were also analyzed by indirect immunofluorescent methods. Sections of normal mouse kidney were incubated with the eluate, washed, and then stained with fluorescein-conjugated rabbit anti-mouse globulin. Binding of the eluate to normal renal tissue could not be detected by this method.
Incidence and Correlation of Renal Lesions.--The latent period between the injection of at least 100 X 106 BALB/c spleen cells and the development of glomerulonephritis was about 3 months (Tables I and II) . Following this incubation period, 50 % of all the mice had glomerulonephritis recognizable by light microscopy. In the 6-9 months period of observation this was 68%; 1 yr after treatment with foreign lymphoid cells 55 % of the mice had nephritis detectable by light microscopy (Table II) . These results probably do not represent the true incidence of glomerular disease, since immunoglobulin deposits were found in the kidneys of virtually all mice when examined at least 3 months after they were given BALB/c spleen cells (Table II) . Fig. 4 shows that the minimal nephritogenic (as judged by light microscopy) dose of parental spleen cells was 100 X 106. When 200 X 106 cells were given, almost all recipients had glomerulonephritis.
16 mice received 150 X l0 s BALB/c spleen cells that were killed by alternate freezing (dry ice-acetone bath) and thawing (37 ° water bath). None of these animals developed proteinuria, and in no instance was there histological evidence of glomerulonephritis. The kidneys of three of these animals were examined by immunofluorescence and none contained gamma globulin deposits in the capillary basement membranes.
DISCUSSION
It is important at the outset to distinguish acute allogeneic disease from its chronic form, which is the subject of this report. The "runting" syndrome of wasting, diarrhea, and dermatitis does not occur in chronic allogeneic disease. Symptoms appear relatively late and the mortality rate is low. Furthermore, in contrast to the lymphoid atrophy typical of the acute form (1), lymphoid hyperplasia is a hallmark of chronic allogeneic disease (14) . The reason for the distinctive differences between acute and chronic allogeneic disease is unknown; in any case, there is convincing evidence that an immunological reaction of the donor cells against host antigens initiates both conditions (15, 16) .
Chronic allogeneic disease provides a unique opportunity to examine the consequences of acquiring cells that are immunologically reactive against one's own antigens. In this sense, it may be useful as a model of the type of autoimmunization that could occur if lymphoid cells developed anti-"self" reactivity. In the model, autoreactive cells are represented by the graft. In actuality, they could result from a mutation, or from the action of an infectious agent or a chemical. An intriguing aspect of this model is that, like some types of spontaneous human (17) and murine (18) autoimmune disorders, lymphoid neoplasms may follow immunological disease (19) .
Previous examples of chronic allogeneic disease have revealed several syndromes. (C57B1/6 X DBA/2)F1 mice given C57B1/6 spleen cells developed immunohemolytic anemia (5) . Rats manifested a variety of lesions: chronic dermatitis resembling scleroderma (20) , polyarthritis with chronic synovitis, myocarditis, and cardiac valvuiitis (21) . The present experiments are the first to demonstrate glomerulonephritis in chronic allogeneic disease.
Nephritis is known to occur spontaneously in some strains of mice. In old CS7B1 mice, for example, amyloid is frequently deposited in the glomeruli (22) . Necrotizing papillitis is found in association with renal amyloidosis in other mice (23) . Neither of these two disorders was found in the animals we studied. IntercapiUary glomerulosclerosis occurs in several strains, including CAF1 hybrids (24) . This condition is characterized by thickening of the axial portion of the glomerular lobules and deposition of gamma and ~lc-globullns in these areas (25) . Electron-dense material has been observed in the same locations and advanced lesions may have thickened glomerular basement membranes (26) . Normally, intercapiUary glomerulosclerosis appears in old mice; its development is greatly accelerated by whole body X-irradiation (24) . None of the 50 normal 6-month old CAF1 mice we studied had this lesion. S0 normal 1-yr old CAF1 mice were also examined, and light microscopic lesions of early intercapillary glomerulosclerosis were found in most of them. Faint, but definite deposits of gamma globulin were present in the mesanginm of 12/12 of these animals. Electron microscopy of the kidneys was carried out in 12 normal CAF1 mice. Five of them were 6 months of age or younger and seven were 12 months old. In no instance were changes indicative of membranous glomerulonephritis observed. However, slight thickening of the mesangial zone and discrete projections of an otherwise thin and smooth glomerular basement membrane were commonly found. Electron-dense deposits were never seen in these projections of the membrane, and the foot processes, including those covering the projections of the basement membrane, were always thin. In all cases, these mild abnormalities, which were found only in 1-yr old mice, could be readily distinguished from the lesions in the experimental animals.
The evidence that the nephritis we observed was evoked by the allogeneic cells is: (~) it did not occur in untreated mice; (b) it failed to develop when killed cells were given; (c) its incidence was proportional to the number of living cells administered. Results of Experiment (b) also indicate that an antigen in the donor inoculum was not involved in the pathogenesis of the nephritis. Additional work, to be presented in connection with other experiments, has shown that the injection of CAF1 spleen cells into either BALB/c or CAF1 mice is ineffective in producing nephritis.
From recent studies it has become clear that two different immunological processes are capable of producing glomerulonephritis (27) . One mechanism requires the specific interaction of antibody with basement membranes located in the wall of the glomerular capillaries. Experimentally, antiglomerular basement membrane antibodies can be induced by immunization with heterologous (28), homologous (29) or autologous (30) basement membranes. The lesion proyoked by these antibodies is a mixed proliferative and membranous glomerulo-nephritis that has as its primary electron microscopic change an irregular thickening of the luminal aspect of basement membranes accompanied by focal subendothelial deposits of electron-dense material (31) . The immunofluorescent staining pattern in this lesion is a smooth, uniform, linear fluorescence overlying all glomerular capillary basement membranes (32) .
The second pathogenetic mechanism in glomerulonephritis involves neither antigens native to the glomerulus nor anti-kidney antibodies. Instead, the renal lesion is provoked by immune complex depositions in the walls of glomerular capillaries. The pathogenesis of this lesion was first suspected in human serum sickness (33) and later it was elucidated in considerable detail in studies of acute and chronic experimental glomerulonephritis of rabbits (34) . The chronic glomerular lesion produced by soluble antigen-antibody complexes is morphologically distinct from that produced by anti-kidney antibodies. By light microscopy, its chief characteristic is irregularly thickened basement membranes (35) . Electron microscopic studies consistently show thickening of the basement membrane, fusion of epithelial foot processes and discrete subepithelial deposits of electron-dense material (36) . The fluorescent staining pattern in this case is characterized by irregular, beaded deposits of host gamma globulin and complement along capillary basement membranes (37) . These deposits project from the extraluminal aspect of the membrane and they correspond geographically to the electron-dense deposits visible by electron microscopy.
On the basis of currently available criteria, the renal lesion that developed in CAFI recipients of BALB/c lymphoid cells was an immune compiex-induced glomernlonephritis. The light microscopic picture was one of membranous glomerulonephritis, the fluorescent staining pattern was characteristically beaded and irregular, and the thickening of the basement membrane seen by electron microscopy was always accompanied by subepithelial deposits. Acid eluates obtained from diseased kidneys stained no part of normal mouse kidneys when examined by the indirect fluorescent technique. Had antibody to native renal antigens been responsible for the nephritis, positive fluorescent-staining reactions should have been found when the eluate was tested against normal kidney tissue. The immune complex mechanism of glomerular damage is highly significant, for no limitation is placed on the source of the antigen. Theoretically, any substance that can form a soluble complex with its homologous antibody could provoke glomerulonephritis. It has been shown that even autologous renal tubules (38) and thyroglobulin (39) contain antigens suitable for generating nephritogenic immune complexes. Recently, DNA has been identified, along with anti-DNA antibodies and complement, in the nephritis of human lupus (40) and in NZB mice (41) . The results of other studies indicate that streptococcal antigen and host antibody are on the glomeruli of patients with acute poststreptococcal nephritis (42, 43) . The renal disease that develops in mice chronically infected with the lymphocytic choriomeningitis (LCM) virus has all the features of an immune complex-induced disease. Acid eluates from their affected kidneys contain antibodies to the LCM virus and viral antigen is present in the lesion, thus definitively establishing the pathogenesis of the nephritis (44) . We sought LCM antigen in the nephritis of chronic allogeneic disease with no success. Nevertheless, the demonstration of glomerulonephritis as a sequela of chronic LCM infection suggests the possibility that other infectious agents can, through immune complex deposition, lead to the development of lesions in orgasm for which they have no tropism. Of particular interest in this regard is the development of glomerulonephritis in mice injected with mouse leukemia viruses (45, 46) . t
The results of our studies suggest that autoreactive immunologically competent cells--as represented by the parental lymphoid graft in the chronic allogeneic disease model--could generate nephritogenic immune complexes from any number of autoantigens. In addition, normally tolerated, indigenous agents might also serve as antigenic stimuli for a new population of immunologically competent cells that lacks tolerance of them. Further studies of chronic allogeneic disease may elucidate how immunological disorders could arise following responses of abnormal, intolerant lymphoid ceils to normal antigens. SUMMARY Glomerulonephritis, often accompanied by the nephrotic syndrome, developed in CAF1 mice following the administration of spleen ceils from normal BALB/c mice. The renal lesion was membranous glomerulonephritis. When studied with fluorescein-conjugated antisera to either mouse gamma globulin or fllc-globulin, the glomeruli contained beaded and irregular deposits of these immtmoproteins. The ultrastructure of the lesion was characterized by thickening of the glomerular basement membranes and the presence of electron-dense subepithelial deposits. Acid eluates of the diseased kidneys contained gamma globulin that failed to bind to sections of normal kidneys. These findings conform to the type of nephritis provoked by immune complexes. They indicate that this type of immune injury can be based on the reaction of intolerant immunocytes to normal antigens. 18 . Mesangium, typical lesion. Two mesangial ceils (MES) with cytoplasm rich in ribosomes and rough endoplasmic reticulum are shown. In contrast with the intact mesangial cells, the mesangial matrix is heavily infiltrated by a membranelike substance in which electron-dense deposits are visible (arrows). Several glomerular capillaries (cap) and urinary space (US) are also seen. × 6000.
